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5HODWHGZRUN
3ROHOLNHREMHFWLVDQREMHFWZKLFKSRLQWVFDSWXUHGXVLQJ/,'$5DUHDUUDQJHGLQF\OLQGULFDOVKDSHDQGGLUHFWLQJ
XSZDUGV3XHWDO(DFKPHWKRGIRUSROHOLNHREMHFWVGHWHFWLRQIURP/,'$5GDWDLVWU\LQJWRGHWHFWWKLVNLQG
RIVWUXFWXUH
<RNR\DPDHWDOGHVFULEHVPHWKRGZKLFKLVEDVHGRQFODVVLILFDWLRQRILQGLYLGXDOSRLQWV)LUVWWKHJURXQG
SRLQWVDUHUHPRYHG6HFRQGWKHLQSXWSRLQWFORXGLVVHJPHQWHGDQGHDFKVHJPHQWLVVPRRWKHG$IWHUWKHVPRRWKLQJ
LVSHUIRUPHGHDFKSRLQWLVFODVVLILHGLQRQHRIWKUHHSRVVLEOHFDWHJRULHVSROHSRLQWVSRLQWVRQDSODQDUREMHFWDQG
RWKHUVVHH)LJ7KHSROHSRLQWVDUHFODVVLILHGEDVHGRQDQDQDO\VLVRIWKHLUQHLJKERUKRRG,IWKHQHLJKERUKRRGRI
WKHSRLQWLVDUUDQJHGLQRQHXSZDUGVGLUHFWLRQWKHSRLQWLVFODVVLILHGDVSROHSRLQW,QWKHODVWVWHSWKHVHJPHQWV
DUHILOWHUHGEDVHGRQWKHLUKHLJKWQXPEHURISRLQWVDQGDQXPEHUSRLQWVFODVVLILHGDVSROHSRLQWV7KHUHVXOWRIWKH
GHWHFWLRQLVDOLVWRISROHOLNHREMHFWV7KHDGYDQWDJHRIWKLVPHWKRGLVWKHSRVVLELOLW\RIGHWHFWLRQRIRWKHUREMHFWV
DWWDFKHGWR WKHSROHV7KHGLVDGYDQWDJHLV WKHQHHGIRUYHU\SUHFLVHHOLPLQDWLRQRIJURXQGSRLQWVDQGDYHU\JRRG
UHVXOWRIWKHVHJPHQWDWLRQSURFHVV


)LJ7KHUHVXOWRIWKHSRLQWFODVVLILFDWLRQXVHGLQ<RNR\DPDHWDO7KHJUHHQFRORUUHSUHVHQWVSROHSRLQWVWKHRUDQJHFRORUUHSUHVHQWV
SRLQWVRQSODQDUREMHFWDQGWKHUHGFRORUUHSUHVHQWVRWKHUSRLQWV
$QRWKHUPHWKRG IRU SROHOLNH REMHFW GHWHFWLRQ FDQ EH IRXQG LQ ,VKLNDZD HW DO  7KHPHWKRG LV XVHG WR
GHWHFW SROHOLNH REMHFWVZDOOV DQG UDLOLQJV 7KH DOJRULWKP IRFXVHV RQ VPDOOHU SDUWV RI SRLQW FORXGV DQG LQFOXGHV
6906XSSRUW9HFWRU0DFKLQHV$VLQWKHSUHYLRXVDSSURDFKWKHILUVWVWHSVKDQGOHZLWKJURXQGSRLQWVUHPRYLQJ
DQGVROYLQJVHJPHQWDWLRQSUREOHP$XWKRUVSRLQWRXWYHU\FRPPRQRYHUVHJPHQWDWLRQSUREOHPZKHUHRQHREMHFWLV
GLYLGHGLQWRVPDOOHUSDUWVDQGWKHXQGHUVHJPHQWDWLRQZKHUHPDQ\GLIIHUHQWREMHFWVDUHSODFHGLQRQHVHJPHQW7KH
SUREOHPRIGLYLGLQJSRLQWFORXGLQWRVPDOOHUSDUWVLVRQHUHDVRQRIZURQJGHWHFWLRQRIEXLOGLQJHGJHVDVDSROHOLNH
REMHFWV,QRUGHUWRDYRLGWKLVLVVXHWKHDXWKRUVDOVRFDOFXODWHWKHGHJUHHRISRLQWLVRODWLRQIURPRWKHUREMHFWV
/HKWRPlNL HW DO GHVLJQHG DPHWKRGEDVHGRQ VFDQOLQHV(DFK VFDQOLQH LV VHJPHQWHG LQGLYLGXDOO\ DQG
WKHQWKHVHJPHQWVDUHSODFHGRQWKHWRSRIHDFKRWKHUVHH)LJ,IRQHVHJPHQWLVGLUHFWO\RYHUDQRWKHURQHWKHQ
WKHVHVHJPHQWVDUHSODFHGLQRQHFOXVWHU7RPDUNDFOXVWHUDVDSROHOLNHREMHFWLWPXVWIXOILOOIROORZLQJFULWHULD

x 7KHFOXVWHUKHLJKWPXVWH[FHHGVSHFLILHGWKUHVKROG
x 7KHFOXVWHUPXVWFRQVLVWVRIVHJPHQWVDWOHDVW
x 7KHVKDSHRIWKHFOXVWHUPXVWUHVHPEOHF\OLQGULFDOVKDSH
x 7KHPDLQD[LVRIWKHFOXVWHUPXVWEHLQXSZDUGVGLUHFWLRQ
x 7KHUHDUHQRRWKHUSRLQWVLQDQHDUYLFLQLW\RIWKHFOXVWHU

7KHDXWKRUVVSHFLI\DURXQGVXFFHVVIXOUDWHRIGHWHFWLQJSROHOLNHREMHFWV
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
)LJ7KHKRUL]RQWDOSURMHFWLRQRIDVFDQOLQH/HKWRPlNLHWDO
&DERHWDOXVHYR[HOVWRGHWHFWSROHOLNHREMHFWV7KHLUDSSURDFKLVEDVHGRQGLYLGLQJWKHSRLQWFORXGLQWR
D'JULGZKHUHHDFKSRLQWLQVLGHWKHFORXGLVLQRQHFHOORIWKHJULGYR[HO)RUHDFKYR[HOWKHFHQWURLGSRVLWLRQ
DQGQXPEHURILQQHUSRLQWVDUHVWRUHG$IWHUZDUGVWKHYR[HOVDUHXVHGWRVLPSOLI\WKHSRLQWFORXG7KHUHVXOWLQJ'
JULGLVGLYLGHGLQWRKRUL]RQWDOFXWVDQGHDFKFXWLVSURFHVVHGEDVHGRQQXPEHURISRLQWVDQGWKHGHJUHHRIVHSDUDWLRQ
RIHDFKYR[HO,QWKHODVWVWHSWKHYR[HOVDUHFRQQHFWHGZLWKWKHLUQHLJKERUV7KHDGYDQWDJHRIWKLVPHWKRGLVWKH
VLPSOLILFDWLRQRIWKHFDOFXODWLRQVWKDQNVWRWKHYR[HOUHSUHVHQWDWLRQ+RZHYHUWKHGLVDGYDQWDJHLVWKHGHSHQGHQF\
RQWKHSUHFLVHGHWHUPLQDWLRQRIWKHFHOOVL]H
$QRWKHUPHWKRGFDQEHIRXQGLQ3XHWDO7KHPHWKRGLVGHVLJQHGWRUHFRJQL]HGLIIHUHQWVWUXFWXUHVIRXQG
LQSRLQWFORXGVFDSWXUHGLQXUEDQHQYLURQPHQWV LQFOXGLQJSROHOLNHREMHFWV$VFDQEHIRXQGLQRWKHUDSSURDFKHV
WKH ILUVW SDUWV RI WKH PHWKRG LV IRFXVHG RQ JURXQG SRLQWV HOLPLQDWLRQ DQG VHJPHQWDWLRQ (DFK VHJPHQW LV WKHQ
SURFHVVHGVHSDUDWHO\7KHVHJPHQWLVGLYLGHGLQWRKHLJKWSHUFHQWLOHV)RUH[DPSOHWKHVHJPHQWLVGLYLGHGLQWRIRXU
SHUFHQWLOHV DQG RQO\ WKH WKLUG RQH IURP WKH JURXQG LV XVHG IRU IXUWKHU DQDO\VLV 8VLQJ WKLUG SHUFHQWLOH IURP WKH
JURXQGKDVWKHDGYDQWDJHRIHOLPLQDWLQJGLVWXUELQJVWUXFWXUHVIURPWKHDQDO\VLV'LVWXUELQJVWUXFWXUHVFDQEHREMHFWV
DWWDFKHGWRWKHERWWRPRIWKHSROHDQGVWUXFWXUHVDWWKHWRSRIWKHSROHVXFKDVWUHHFURZQV
7KHQH[WSDUWRI WKHPHWKRG LVGLYLGLQJFKRVHQSHUFHQWLOH LQWRKRUL]RQWDOFXWV7KHPLQLPXPERXQGLQJER[ LV
FDOFXODWHGIRUHDFKFXW,IWKHERXQGLQJER[IXOILOOFHUWDLQFULWHULDWKHVHJPHQWLVPDUNHGDVDSROHOLNHREMHFW7KH
GLVDGYDQWDJHRIWKLVPHWKRGLVWKHDVVXPSWLRQWKDWLQFHUWDLQSHUFHQWLOHDUHQRRWKHUREMHFWVWKHQSROHV/LDQG2XGH
(OEHULQNLQWKHLUZRUNIRFXVRQRSWLPL]DWLRQRIWKLVPHWKRG
/LEHUJHHWDOGRQ¶WXVHJURXQGSRLQWVUHPRYDODQGVHJPHQWDWLRQLQWKHLUPHWKRG7KLVDSSURDFKLVEDVHG
RQ FUHDWLRQ RI WKUHH LPDJHV IURP WKH SRLQW FORXG WKH PLQLPDO KHLJKW LPDJH WKH PD[LPDO KHLJKW LPDJH DQG
DFFXPXODWLYH LPDJH 7KH SRLQWV LQ PLQLPDO KHLJKW LPDJH SUREDEO\ EHORQJ WR JURXQG SRLQWV VHW 7KH SL[HOV LQ
DFFXPXODWLYHLPDJHFRUUHVSRQGWRWKHQXPEHURISURMHFWHGSRLQWV7KHSRWHQWLDOSROHOLNHREMHFWVOLNHO\FRUUHVSRQG
WR WKH SL[HOVZLWK KLJKQXPEHURISRLQWV+RZHYHU LW LV LPSRUWDQW WRSRLQW RXW WKDW WKHPHWKRG DVVXPHV WKDW DOO
EXLOGLQJIDFDGHVDUHUHPRYHGIURPWKHSRLQWFORXG
3URSRVHGPHWKRG
7KLVFKDSWHUGHVFULEHVWKHSURSRVHGPHWKRGIRUGHWHFWLRQRISROHOLNHREMHFWV7KHPHWKRGLVGHVLJQHGWRGHWHFW
WKH SROHOLNH REMHFWV RQO\ QRW WR LGHQWLI\ WKHP7KH UHVXOW RI WKH SURSRVHGPHWKRG LV D OLVW RI SROHOLNH REMHFWV
ZKHUHHDFKLWHPLVUHSUHVHQWHGE\WKH'SRVLWLRQRIWKHREMHFW¶VEDVH
7KH SURSRVHGPHWKRG IRU SROHOLNH REMHFW GHWHFWLRQ FDQ EH GLYLGHG LQWR IRXU SDUWV )LUVW SDUW VROYHV WKH SRLQW
FORXGSUHSURFHVVLQJ7KHVHFRQGSDUWIRFXVRQWKHVHJPHQWDWLRQSUREOHPRISUHSURFHVVHGSRLQWFORXG7KHWKLUGRQH
IRFXVHVRQGHWHFWLRQRISROHOLNHVWUXFWXUHVXVLQJGLUHFWLRQDOYHFWRUIROORZHGE\WKHHOLPLQDWLRQRIIDOVHO\GHWHFWHG
REMHFWV7KHHOLPLQDWLRQRIIDOVHO\GHWHFWHGREMHFWVLVQRWDQLQHYLWDEOHSDUWRIWKHGHVLJQHGPHWKRG,QWHJUDWLQJRI
WKLVVWHSGHSHQGVRQWKHXVHUVQHHGZKLFKZLOOEHGLVFXVVHGLQWKHIROORZLQJFKDSWHUVHH)LJ
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
)LJ'LDJUDPRIWKHSURSRVHGPHWKRG
3.1. Point cloud preprocessing 
7KHILUVWSDUWRIWKHGHVLJQHGPHWKRGLVWKHSRLQWFORXGSUHSURFHVVLQJ7KHPDLQDLPRIWKHSUHSURFHVVLQJWDVNLV
WROLPLWDQXPEHURISRLQWVLQVLGHWKHFORXG)LUVWWKHORZHVWDQGKLJKHVWSRLQWVRIWKHLQSXWFORXGDUHHOLPLQDWHG
7KH ORZHVW JURXQGSRLQWV DUHHOLPLQDWHGXVLQJ WKHPHWKRGGHVFULEHG LQ/DQGD3URFKi]NDâĢDVWQê 7KH
VDPHPHWKRGZLWK RQO\ D IHZ FKDQJHV LV DOVR XVHG WR HOLPLQDWH WKH KLJKHVW SRLQWV 7KHVH SRLQWV DUH HOLPLQDWHG
EHFDXVHRIWKHPD[LPDOSRVVLEOHKHLJKWRIWKHSROHVPHWHUV(DFKSRLQWDERYHPHWHUVLVFRQVLGHUHGLUUHOHYDQW
IRUWKHFDOFXODWLRQV7KHODVWVWHSRIWKHSUHSURFHVVLQJWDVNLVWKHUHPRYDORIRXWOLHUV7KHRXWOLHUVDUHUHPRYHGXVLQJ
PHWKRGGHVFULEHGLQ5XVX7KHRXWOLHUVDUHUHPRYHGEDVHGRQVWDWLVWLFDODQDO\VLVRISRLQWQHLJKERUKRRG7KH
PHDQGLVWDQFHWRDOOLWVQHLJKERUVLVFDOFXODWHGIRUHDFKSRLQW$OOSRLQWVZKRVHGLVWDQFHGRHVQRWPHHWWKHFULWHULD
DUHUHPRYHG
3.2. Segmentation 
1H[W SDUW RI WKHPHWKRG VROYHV WKH SRLQW FORXG VHJPHQWDWLRQ $VPHQWLRQHG EHIRUH LW LV QRW SRVVLEOH WR XVH
FRPPRQVHJPHQWDWLRQDOJRULWKPZKLFKLVEDVHGRQFDOFXODWLRQRIWKH(XFOLGLDQ'LVWDQFHEHWZHHQSRLQWV/HKWRPlNL
HWDOXVHVVHJPHQWDWLRQEDVHGRQVFDQOLQHV+RZHYHUZHDUHXVLQJDQXQRUGHUHGSRLQWFORXGZKLFKPDNHV
WKLV DSSURDFK LPSRVVLEOH WR XVH DVZHOO2XU DSSURDFK LV EDVHG RQ GLYLGLQJ WKH SUHSURFHVVHG SRLQW FORXG LQWRn
KRUL]RQWDO FXWV VHH )LJ  6XEVHTXHQWO\ WKH (XFOLGLDQ 'LVWDQFH VHJPHQWDWLRQ LV WKHQ XVHG RQ HDFK FXW
LQGHSHQGHQWO\7KHQXPEHURIKRUL]RQWDOFXWVnZDVGHWHUPLQHGH[SHULPHQWDOO\WR
$IWHUWKHFORXGLVGLYLGHGLQWRKRUL]RQWDOFXWVWKHUXOHVIRU(XFOLGLDQ'LVWDQFHVHJPHQWDWLRQDOJRULWKPDUHVHWDV
IROORZV

x 0LQLPXPQXPEHURISRLQWVLQHDFKVHJPHQWLV
x 0D[LPXPQXPEHURISRLQWVLQHDFKVHJPHQWLV
x 0D[LPDOGLVWDQFHEHWZHHQDQ\WZRSRLQWVLQHDFKVHJPHQWLVP

7KHUHVXOWRI WKHVHJPHQWDWLRQ WDVN LVD OLVWRI'SRLQWVDVVRFLDWHGZLWKVHYHUDOSURSHUWLHVZKLFKDUHXVHGIRU
IXUWKHUSURFHVVLQJ7KHUHDUHWZRPDLQSURSHUWLHV
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
x &RRUGLQDWHVRIWKHFHQWURLGRIWKHFRUUHVSRQGLQJVHJPHQW&P>[\]@
x 0D[LPDOGLVWDQFHEHWZHHQWKHFHQWURLGSRLQWDQGDQ\RWKHUSRLQWLQVLGHWKHVHJPHQW


)LJDWKHLQSXWSRLQWFORXGEWKHFORXGDIWHUSUHSURFHVVLQJDQGGLYLVLRQLQWRKRUL]RQWDOFXWV
3.3. The detection of pole-like structures using directional vector 
,QWKLVSDUWRIWKHPHWKRGWKHUHVXOWOLVWRI'SRLQWVLVRUGHUHGLQWRSROHOLNHVWUXFWXUHVXVLQJGLUHFWLRQDOYHFWRU
7KHRUGHULQJLVGRQHXVLQJUHJLRQJURZLQJDOJRULWKPSVHXGRFRGH

3VHXGRFRGH'HWHFWLRQRISROHOLNHREMHFWVXVLQJGLUHFWLRQDOYHFWRU
2UGHULQJRISROH'SRLQWVEDVHGRQWKHLUKHLJKW
IRUHDFK'SRLQWLQVLGHDOLVWRISRLQWVGR
 LI'SRLQWZDVQRWSUHYLRXVO\SURFHVVHGWKHQ
  &UHDWHDQHZVHJPHQW
  ,QVHUWSURFHVVHG'SRLQWLQWRDQHZO\FUHDWHGVHJPHQW
  IRUHDFK'SRLQWLQVLGHDOLVWRISRLQWVGR
   LI'SRLQWZDVQRWSUHYLRXVO\SURFHVVHGDQGPHHWVWKHSRLQWVFRQGLWLRQVWKHQ
    ,QVHUWWKH'SRLQWDWWKHHQGRIWKHQHZVHJPHQW
    0DUNWKH'SRLQWDVSURFHVVHGRQH
   HQGLI
  HQGIRU
  LIVHJPHQWPHHWVWKHVHJPHQWVFRQGLWLRQVWKDQ
   ,QVHUWWKHVHJPHQWLQWRDOLVWRISRVVLEOHSROHOLNHREMHFWV
  HQGLI
 HQGLI
HQGIRU


7ZRPDLQLVVXHVPXVWEHXQGHUGLVFXVVLRQLQ WKLVSDUWRIWKHPHWKRG:KLFKSRLQWVVKRXOGEHFODVVLILHGLQ WKH
SDUWLFXODU VHJPHQWDQGZKLFKVHJPHQWV VKRXOGEH LQFRUSRUDWHG LQWR WKH UHVXOWLQJ OLVW"7RSXW WKHSRLQW LQVLGH WKH
SDUWLFXODUVHJPHQWIROORZLQJFRQGLWLRQVZKHUHVHW

x 'LUHFWLRQDODQJHOȖWKHGLUHFWLRQDOYHFWRUGHYLDWLRQIURPWKHSRVLWLYHFRRUGLQDWHD[LVzLVORZHUWKH
x 7KHGLIIHUHQFHEHWZHHQzFRRUGLQDWHVRIWKHODVWVHJPHQWSRLQWDQGDQHZSRLQWLVOHVVWKDQPDQGPRUHWKDQ
P
x 7KHGLVWDQFHIURPFHQWURLGWRWKHIXUWKHVWSRLQWLVOHVVWKDQP

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7RLQFRUSRUDWHWKHVHJPHQWLQWRWKHOLVWRIUHVXOWLQJVHJPHQWVLWLVQHFHVVDU\WRPHHWWKHVHFRQGLWLRQV

x 7KHUHDUHDWOHDVWIRXUSRLQWVLQWKHVHJPHQW
x 7KHGLIIHUHQFHRIWKHKHLJKWFRRUGLQDWHzEHWZHHQWKHKLJKHVWDQGORZHVWSRLQWLQVLGHDVHJPHQWLVDWOHDVWIRXU
PHWHUV

7KHUHVXOWVRIWKHSURSRVHGDOJRULWKPFDQEHWUDQVIRUPHGWR'VSDFHDV\RXFDQVHHRQ)LJLQRUGHUWRHQDEOH
VLPSOHGHVFULSWLRQRIVHYHUDOH[DPSOHV)LJDVKRZVWKHSRLQWVZKLFKGLGQRWPHWWKHFULWHULDWREHLQFRUSRUDWHG
LQWR D VHJPHQW7KH FHQWHU LPDJH )LJ E VKRZVDOO WKHSRLQWV DQG WKH VHJPHQW LWVHOIPHHWLQJ DOO WKHQHFHVVDU\
FULWHULDDQGWKHVHJPHQWLVLQFRUSRUDWHGLQWRDUHVXOWOLVWRISRVVLEOHSROHOLNHREMHFWV7KH)LJFVKRZVDOOSRLQWV
PHHWLQJWKHFULWHULDKRZHYHUWKHVHJPHQWGLGQRWPHWWKHFULWHULDWREHLQFRUSRUDWHGLQWRDOLVWRISRVVLEOHSROHOLNH
REMHFWV


)LJ7KHGHWHFWLRQRISROHOLNHVWUXFWXUHVXVLQJGLUHFWLRQDOYHFWRULQ'DSRLQWVWKDWGLGQRWPHWWKHFULWHULDWRRZLGHGLVWULEXWLRQE
FRUUHFWUHVXOWFVHJPHQWGLGQRWPHWWKHFULWHULDQRWHQRXJKSRLQWV
7KH ODVW VWHS RI WKLV SDUW LV WKH GHWHUPLQDWLRQ RI WKH GHVLUHG LQIRUPDWLRQ LH WKH FRRUGLQDWHV RI WKH SROHOLNH
REMHFW¶VEDVH,WLVQRWSRVVLEOHWRXVHDORZHVWSRLQWLQVLGHDVHJPHQWEHFDXVHWKLVSRLQWXVXDOO\GRHVQRWOLHRQWKH
JURXQG)RUWKLVUHDVRQDQDGGLWLRQDODOJRULWKPZDVGHVLJQHGWRILQGWKHSRVLWLRQRIWKHREMHFWVEDVH7KLVDOJRULWKP
LVH[SODLQHGLQSVHXGRFRGH$VDVWDUWLQJSRLQWWKHDOJRULWKPXVHVxDQGyFRRUGLQDWHVRIWKHFHQWURLGRIDOOSRLQWV
LQVLGHDVHJPHQW7KHQLWILQGVWKHORZHVWDQGFORVHVWSRLQWWRWKHFHQWURLGLQVLGHWKHLQSXWSRLQWFORXG
7KH VHDUFKLQJ IRU WKH SRVLWLRQ RI WKH EDVH VWDUWV DW WKH P UDGLXV IURP WKH FHQWURLG RI DOO SRLQWV LQVLGH D
VHJPHQW,IWKHUHLVQRSRLQWIRXQGLQVLGHWKLVUDGLXVWKHUDGLXVLVH[WHQGHGE\P7KHVHDUFKLQJFRQWLQXHVXQWLO
DWOHDVWRQHSRLQWLVIRXQGVHHSVHXGRFRGH

3UHVXGRFRGH$OJRULWKPIRUGHWHUPLQDWLRQRISROHOLNHREMHFW¶VEDVH
IRUHDFKVHJPHQWLQDOLVWRIVHJPHQWVGR
 &DOFXODWHWKHDYHUDJHxDQGyFRRUGLQDWHVRIDOOSRLQWVLQVLGHWKHVHJPHQW
 6HDUFKUDGLXV P
 /RZHVWDOWLWXGH P
 ZKLOHORZHVWDOWLWXGH  GR
  IRUHDFKVHJPHQWDOLVWRIVHJPHQWVGR
   LISRLQWLVLQVHDUFKUDGLXVIURPWKHxDQGzFRRUGLQDWHVRIWKHFHQWURLG
    		]FRRUGLQDWHORZHVWDOWLWXGHWKDQ
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    /RZHVWDOWLWXGH zFRRUGLQDWHRIWKHSRLQW
   HQGLI
  HQGIRU
  6HDUFKUDGLXV 
 HQGZKLOH
HQGIRU

3.4. Algorithm for reducing a number of false positives 
7KLV VWHS LV EDVHG RQ WKHPHWKRG SXEOLVKHG LQ /DQGD 3URFKi]ND âĢDVWQê  7KH DOJRULWKP LV EDVHG RQ
DVVXPSWLRQ WKDW WKHSRLQWV LQVLGHHDFKVHJPHQWVKDYHPLQLPDOYDULDQFH IURP WKHz D[LVRI WKHSROH2Q WKHRWKHU
KDQGRWKHUSROHOLNHREMHFWV VXFK DV WUHHVKDYHKLJKYDULDQFH IURP WKH z D[LV7KHRWKHU DVVXPSWLRQ LV WKDW WKH
SRLQWVDUHGHIOHFWHGLQRQO\RQHGLUHFWLRQRQHD[LV7KHH[DPSOHRIWKHSRLQWGHIOHFWLRQFDQEHIRXQGLQDOLJKWSROH
ZLWKDODUJHURDGVLJQDWWDFKHGWRLW,QPDQ\FDVHVWKHURDGVLJQLVDWWDFKHGWRWKHSROHRQLWVHGJHDQGQRWLQWKH
FHQWHU
7KHDOJRULWKPXVHVYDULDQFHRIHDFKSRLQWIURPPHGLDQRIVHJPHQWV7KHYDULDQFHLVFDOFXODWHGIRUERWKxDQGy
D[LV ,I RQH YDULDQFH YDOXH H[FHHGV JLYHQ WKUHVKROG WKH VHJPHQW LV UHPRYHG IURP WKH OLVW RI SRVVLEOH SROHOLNH
REMHFWV
5HVXOWV
7KHSURSRVHGPHWKRGZDVWHVWHGRQDSRLQWFORXGVFDSWXUHGGXULQJPRELOHPDSSLQJ7KHFDSWXUHGDUHDUHSUHVHQWV
PRUH WKDQNPOHQJWKURDG LQDFHQWHURI%UQRFLW\&]HFK5HSXEOLF7KHFORXGFRQWDLQVPRUH WKDQPLOOLRQ
SRLQWV
7KH PHWKRG ZDV WHVWHG XVLQJ VWDQGDUG WHVWLQJ PDWULFHV GHVFULEHG LQ %R\NR DQG )XQNKRXVHU  (DFK
UHFRJQL]HGREMHFWLVFDWHJRUL]HGLQWRRQHRIWKHIROORZLQJFDWHJRULHV7UXH3RVLWLYH73)DOVH1HJDWLYH)1DQG
)DOVH3RVLWLYH)3

%DVHGRQWKHVHFDWHJRULHVZHFDOFXODWHWKUHHPHDVXUHVRISHUIRUPDQFHUHFDOOSUHFLVLRQDQGTXDOLW\
ܲݎ݁ܿ݅ݏ݅݋݊ ൌ ்௉
ሺ்௉ାி௉ሻ

ܴ݈݈݁ܿܽ ൌ  ்௉
ሺ்௉ାிேሻ

ܳݑ݈ܽ݅ݐݕ ൌ ்௉
ሺ்௉ାி௉ାிேሻ


7KH WHVWLQJ ZDV GLYLGHG LQWR WZR SKDVHV ,Q D ILUVW SKDVH WKH PHWKRG ZDV WHVWHG ZLWKRXW WKH DOJRULWKP IRU
UHGXFWLRQRIIDOVHSRVLWLYHV LQ WKHVHFRQGSKDVHWKHDOJRULWKPZDVLQFOXGHG7KHWHVWLQJZDVSHUIRUPHGXVLQJWKH
YLVXDOL]DWLRQRIWKHSRLQWFORXGDQGWKHFDPHUDLPDJHVFDSWXUHGGXULQJPRELOHPDSSLQJ7KHUHZHUHSROHOLNH
REMHFWVLQWKHLQYHVWLJDWHGDUHD:LWKRXWWKHXVHRIWKHDOJRULWKPIRUWKHUHGXFWLRQRIIDOVHSRVLWLYHRFFXUUHQFHVWKH
SURSRVHGPHWKRGLGHQWLILHGRXWRISROHOLNHREMHFWV2QO\REMHFWVZHUHPLVVHG7KHPLVVHGREMHFWVZHUH
XVXDOO\ YHU\ FORVH WR RWKHU REMHFWV VXFK DV WUHHV DQG EXLOGLQJV 7ZRRXW RI WKH PLVVHG SROHOLNH REMHFWVZHUH
KLJKO\FRYHUHGE\RWKHUREMHFWVXFKDVDGYHUWLVLQJ7KHPHWKRGDOVRPDUNHGIDOVHSRVLWLYHV0RVWRI WKHIDOVH
SRVLWLYHVZHUHWUHHV7KHPDLQSUREOHPZDVZLWKDWRSSDUWRIWKHÒYR]6WUHHW7KHUHLVDVPDOOIRUHVWDWWKLVSDUWRI
WKHVWUHHW
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7KHSURSRVHGPHWKRGLQFOXGLQJWKHDOJRULWKPIRUUHGXFLQJDQXPEHURIIDOVHSRVLWLYHZDVWHVWHGLQWKHVHFRQG
SKDVH8VLQJ WKLV H[WHQVLRQ WKH ODUJH QXPEHU RI IDOVH SRVLWLYHVZDV UHGXFHGE\PRUH WKDQ D KDOI+RZHYHU WKH
PHWKRGPLVVHGDQRWKHUSROHOLNHREMHFWVPDNLQJWKHWRWDOQXPEHURIWUXHSRVLWLYHV
7DEOH5HVXOWVGLYLGHGLQWRFDWHJRULHV
&DWHJRU\ :LWKRXWWKH
DOJRULWKPIRU
UHGXFLQJDQXPEHU
RIIDOVHSRVLWLYHV
,QFOXGLQJWKH
DOJRULWKPIRU
UHGXFLQJDQXPEHU
RIIDOVHSRVLWLYHV
7UXH3RVLWLYH  
)DOVH3RVLWLYH  
)DOVH1HJDWLYH  

7KHUHVXOWVPDUNHGLQ7DEOHFOHDUO\VKRZWKDW WKHPHWKRGKDVKLJKHUUHFDOOZLWKRXWWKHXVHRIDOJRULWKPIRU
UHGXFLQJDQXPEHURIIDOVHSRVLWLYHV+RZHYHUZLWKRXWWKHXVHRIWKHH[WHQVLRQWKHPHWKRGDOVRVKRZVKLJKQXPEHU
RIIDOVHSRVLWLYHV:LWKWKHXVHRIDOJRULWKPIRUUHGXFLQJDQXPEHURIIDOVHSRVLWLYHVWKH3UHFLVLRQDQG4XDOLW\DUH
PXFKPRUHSURPLVLQJKRZHYHUWKHUHFDOOLVORZHU7KHYLVXDOL]DWLRQRIWKHPHWKRGUHVXOWFDQEHVHHQRQ)LJ
7DEOH0HWULFVHYDOXDWLRQWKHSURSRVHGPHWKRG
0DWULFHV :LWKRXWWKH
DOJRULWKPIRU
UHGXFLQJDQXPEHU
RIIDOVHSRVLWLYHV
,QFOXGLQJWKH
DOJRULWKPIRU
UHGXFLQJDQXPEHU
RIIDOVHSRVLWLYHV
3UHFLVLRQ  
5HFDOO  
4XDOLW\  


)LJ7KHUHVXOWRIWKHPHWKRGYLVXDOL]HGRQWKHSDUWRIWKHLQSXWFORXG7KHJURXQGSRLQWVDUHLQVHUWHGIRUYLVXDOL]DWLRQRQO\
'LVFXVVLRQ
7KHSURSRVHGPHWKRG VKRZV JUHDW SURPLVH IRU DXWRPDWLF GHWHFWLRQ RI SROHOLNH REMHFWV7KH DGYDQWDJHRI WKH
PHWKRG LV WKH HOLPLQDWLRQ RI WKH FRPPRQO\ XVHG VHJPHQWDWLRQ (XFOLGLDQ GLVWDQFH VHJPHQWDWLRQ 7KH(XFOLGLDQ
GLVWDQFHVHJPHQWDWLRQZRUNVRQO\ LQVLWXDWLRQVZKHUH WKHSROHOLNHREMHFWVDUHQRW LQDQ\ZD\FRQQHFWHG WRRWKHU
REMHFWV+RZHYHUWKLVLVQRWWKHFDVHLQKLJKO\SRSXODWHGXUEDQHQYLURQPHQWV7KHSURSRVHGPHWKRGXVHVDQRWKHU
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NLQGRIVHJPHQWDWLRQZKLFKLVEDVHGRQKRUL]RQWDOFXWV7KHQXPEHURIFXWVZDVGHWHUPLQHGE\H[SHULPHQWWR
(DFKFXWLVDSSUR[LPDWHO\PKLJK7KLVDSSURDFKHQDEOHVWRXVHWKHSUHVHQWHGPHWKRGLQXUEDQDUHDV
'XULQJ WKH WHVWLQJ WKH PHWKRG VKRZHG D  UHFDOO YDOXH 7KLV PHDQV WKDW PRVW SROHOLNH REMHFWV ZHUH
GHWHFWHG+RZHYHUWKHDFFXUDF\DQGWKHTXDOLW\YDOXHVZHUHQRWVRSURPLVLQJEHFDXVHWKHQXPEHURIIDOVHSRVLWLYHV
ZDVWRRKHLJKW)RUWKLVUHDVRQWKHVSHFLDODOJRULWKPIRUUHGXFLQJDQXPEHURIIDOVHSRVLWLYHVZDVLQFRUSRUDWHG7KLV
PRGLILFDWLRQLQFUHDVHV WKHDFFXUDF\DQGTXDOLW\VLJQLILFDQWO\2QWKHRWKHUKDQG WKHQXPEHURIFRUUHFWO\GHWHFWHG
REMHFWVZHUHGHFUHDVHG
1RQHWKHOHVV LW LV LPSRUWDQW WR FRQVLGHU WKH XVH RI WKH DOJRULWKP IRU UHGXFLQJ WKH QXPEHU RI IDOVH SRVLWLYHV
0RUHRYHUKLJKQXPEHURIIDOVHSRVLWLYHVFDQEHHOLPLQDWHGLQIROORZLQJSRVWSURFHVVLQJ)LJVKRZVWKHLPSRUWRI
WKH UHVXOWV WR WKH$UF0DS $UF0DS LV D VRIWZDUH FRPPRQO\ XVHG IRU JHR GDWD SURFHVVLQJ 8VLQJ$UF0DS LW LV
SRVVLEOHWRHOLPLQDWHIDOVHSRVLWLYHV)LJVKRZVWKHHOLPLQDWLRQRIIDOVHSRVLWLYHVLQDVPDOOSDUWRI
WKHUHVXOW7KHIDOVHSRVLWLYHVUHGFRORUFDQEHHDVLO\LGHQWLILHGEHFDXVHWKH\DUHO\LQJRXWVLGHWKHFRPPRQUDQJH
RIGLVWDQFHRIWKHVWUHHWOLJKWLQJVIURPWKHURDG
2QWKHWHVWHGSRLQWFORXGWKHWLPHFRQVXPSWLRQRIWKHSURSRVHGPHWKRGZDVKRXUVDQGPLQXWHV


)LJ7KHUHVXOWRIWKHPHWKRGLPSRUWHGWR$UF0DS<HOORZFRORUUHSUHVHQWVWUXHSRVLWLYHVUHGUHSUHVHQWVHDVLO\HOLPLQDWHGIDOVHSRVLWLYHV
&RQFOXVLRQ
,QWKLVDUWLFOHZHSURSRVHGDQRYHOPHWKRGIRUGHWHFWLRQRISROHOLNHREMHFWVIURP/,'$5GDWD(VSHFLDOO\WKH
OLJKWLQJVWUXFWXUHVZKRVHKHLJKWLVEHWZHHQDQGPHWHUVLVLQWKHIRUHIURQWRIRXULQWHUHVW7KHPDLQLGHDRIWKH
GHYHORSHG PHWKRG LV XVLQJ WKH GLUHFWLRQDO YHFWRU WR GHWHFW SROHOLNH VWUXFWXUHV 7KH PHWKRG DOVR UHSUHVHQWV DQ
DOWHUQDWLYH DSSURDFK WR FRPPRQO\ XVHGPHWKRG RI VHJPHQWDWLRQ EDVHG RQ(XFOLGLDQ'LVWDQFH VHJPHQWDWLRQ 7KH
SUHVHQWHG DSSURDFK LV EDVHG RQ GLYLGLQJ WKH SRLQW FORXG LQWR KRUL]RQWDO FXWV DQG SHUIRUPLQJ WKH VHJPHQWDWLRQ
SURFHVVDIWHUZDUGV7KXVWKHLQWHUFRQQHFWLYLW\RIREMHFWVLQVLGHSRLQWFORXGLVVXFFHVVIXOO\RYHUFRPH
7KHPHWKRGZDVWHVWHGLQUHDOZRUOGFRQGLWLRQVZKHUHLWZDVDEOHWRFRUUHFWO\LGHQWLI\RISROHOLNHREMHFWV
HJVWUHHW OLJKWV+RZHYHU WKHPHWKRGDOVRFUHDWHGDKLJKQXPEHURI IDOVHSRVLWLYH UHVXOWV7KLVZDVFDXVHGE\
FRPPRQDOLW\EHWZHHQSROHREMHFWVDQGWUHHV)RUWKLVUHDVRQDQDOJRULWKPIRUUHGXFLQJDQXPEHURIIDOVHSRVLWLYHV
ZDV LQWHJUDWHG 7KLV PRGLILFDWLRQ VLJQLILFDQWO\ UHGXFHG WKH QXPEHU RI IDOVH SRVLWLYHV KRZHYHU IRU WKH SULFH RI
PLVVLQJ PRUH SROH REMHFWV 1RQHWKHOHVV DV VKRZQ LQ GLVFXVVLRQ WKLV PRGLILFDWLRQ GRHVQ¶W KDYH WR EH XVHG
0RUHRYHUPDQ\RIWKHIDOVHSRVLWLYHVFDQEHHOLPLQDWHGGXULQJSRVWSURFHVVLQJVWHSV
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